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Introduction
Seed treatment is a technology that, when associated with plant genetic improvement and biotechnology, allows high productivity of soybean culture and producer satisfaction in meeting the demands of the market. This market, in its turn, is supported by the use of quality seeds, which, as a vehicle of technology and innovations, is responsible for stimulate it and make it competitive, since the advance of Brazilian agribusiness is characterized largely by the development of the system of seed production.
This aspect brings in response the search for the conquest of new markets by large companies investing in values and very impactful strategies as the launching of large-scale agricultural inputs to the commercialization and deployment of innovative technologies as the industrial seed treatment. Today, industrial seed treatment guarantees the maximum efficiency of the products used and the quality of the seeds, no risk for operators, while in the past decades, most of the seed treatment was carried out on the properties so that both the quality of the seeds as the health of the operator were committed (Zambom, 2013) .
However, after the resolution of the operational aspects of the treatment of seeds, certain limitations are of concern, such as the possible effects of the active ingredients in the quality of the seeds during storage and in the field (Brzezinski et al., 2015) .
In this way, the need arises for studies that assess the effect of seed treatment products used commercially and launched recently in the market and the right time of application on the quality of soybean seeds. Considering that, according to the MAPA (2016), until the present time, there are twenty fungicides and twenty-three insecticides intended for the chemical treatment of seeds.
Thus, the objective of this study was to check the effect of the fungicide and insecticide treatment on the quality of soybean seeds before and after storage.
Material and Methods
The experiments were conducted on University Federal of Lavras, in Lavras, MG, in the Departments of Agriculture and Plant Pathology, with physiological analyses carried out at the Central Laboratory for Seed Testing and phyto-sanitary analysis, at Laboratory of Seed Pathology.
The seed used for the experiment were provided by company Nidera Seeds, with the cultivars NS 7494, NS 8693 and NS 7338 IPRO.
A completely randomized factorial 3x6 was used, with three times of application of chemical treatment and six mixtures of fungicides and insecticides, with four replications The cultivars data were analyzed separately.
Seeds from each cultivar were subjected to three treatments which differed from each other by the time they received the chemical treatment: 1) treated and assessed (the seeds were assessed immediately after the chemical treatment); 2) treated, stored and assessed (the seeds were stored with chemical treatment for two months and then assessed); 3) stored, treated and assessed (the seeds were stored without chemical treatment for two months, and then were treated and immediately assessed).
The The amount of the solution of the mixture to the treatments was determined according to the dose recommended for each commercial product and amount of water until the maximum volume of 10 mL.Kg -1 of seeds. The amount of 500 g of seeds for each of the mixtures was used. For the application of the products in the seeds plastic bags of 2 Kg capacity were used. The products were previously mixed in a Petri dish (+ fungicide insecticide + water) and placed in plastic bags, followed by the seeds. The set was shaken until it obtained a homogeneous mixture of seeds. After treatment, the seeds were laid out in the shade, at a temperature of approximately 25 °C for 20 minutes, for drying of the product on the surface of the seed.
After drying, the seeds were placed in multiwall paper packaging and held for two months in storage, in uncontrolled conditions, average temperature of 20.4 °C and average of relative humidity in 65.5% (Dantas et al., 2007) .
For the evaluation of the seed quality germination, emergence, accelerated aging, cold test and seed health tests were carried out.
In the germination test four replications of 50 seeds per plot were used, sown on two sheets of towel paper and covered with a sheet, moistened with distilled water in quantity equivalent to 2.5 times the weight of the dry paper. The rolls were kept in a germinator at 25 °C, the evaluations were conducted at eight days after sowing and the results expressed as percentage of normal seedlings (Brasil, 2009) .
In the accelerated aging test, 250 seed samples were placed on metallic screens in plastic boxes adapted containing 40 mL of distilled water. These boxes were kept in an incubator, at 42 °C for 48 hours, on incubator type BOD (Marcos-Filho, 1999 ). Then we proceeded to the germination test with four subsamples of 50 seeds. The evaluation took place five days after sowing. The results were expressed as percentage of mean normal seedlings for each treatment (Brasil, 2009 ).
In the emergence test, the sowing was carried out in plastic trays containing substrate, soil + sand in the ratio 2:1. Four replications of 50 seeds were sown. After sowing, the trays were kept in plant growth chamber at a temperature of 25 °C, in alternating light and dark regime (12 hours). The number of emerged seedlings was determined 14 days after sowing. The results were expressed as percentage of seedlings.
In the cold test, the same procedures of the emergence test were performed, however, after sowing, the trays were placed in cold chamber at 10 o C for seven days and then taken to germinator at 25 o C for seven more days. Then the number of emerged seedlings was determined. The results were expressed as percentage of seedlings.
For the health test, we used the method of incubation in filter paper (Neergaard, 1979) , with eight subsamples of 25 seeds. The seeds were distributed in Petri dishes of 15 cm in diameter containing three previously sterilized filter paper sheets and moistened with water, and 2.4 D sterile agar. The dishes were kept in incubation at 20 °C and photoperiod of 12 hours, where they remained for seven days, and then assessed for the presence of pathogens (Brasil, 2009) . For the identification of pathogens present in the seeds, a stereoscopic magnifying glass and an optical microscope were used. The incidence was assessed in percentage of fungi found.
Statistical analysis was performed using the statistical software Sisvar ® (Ferreira, 2011) . In the analysis, when significant effect of the treatments was verified, to test the significance of differences between the averages of the treatments, the medium test Scott-Knott was used, with 5% probability. Fungal incidence values were previously transformed into (√x+1).
Results and Discussion
The interaction between the factors times of application and mixtures of insecticides and fungicides was significant for the germination, accelerated aging, cold and emergency tests, to the level of 1% and 5% of probability (Table 1A) .
The results of the test of germination, the seeds from cultivars NS 7494 and NS 7338 IPRO treated before testing obtained generally better performance when compared to the seeds stored with or without treatment, which proves that the pre-planting treatment favours the establishment of plants in the field and grain production in relation to the anticipated treatment (Table 1) (Brzezinski et al., 2015) . The averages followed by the same low case letter in the lines and capital letter in the column do not differ between each other by the Scott-Knott test, at 5% probability.
The lower averages of germinated seeds, cultivar NS 7494, were obtained when the seed treatment was carried out after two months of storage in conventional warehouse conditions, with the exception of treatment Cruiser ® + Derosal Plus ® , since the mixture provided an increase in germination of these seeds when comparing to the control, both in post treatment storage and pre-treatment tests. Regarding the seeds treated and stored for two months, the Standak Top ® product was the one which provided the largest percentage of normal seedlings, contrary to the results found by Souza et al. (2015) , in which even without storing the treated seeds, concluded that the Standak Top ® was unfavorable to the development of seedlings.
When treatment with Cruiser ® + Derosal Plus ® was held in seeds of cultivar NS 8693 before the quality tests, the percentage of germinated seeds remained the same when copared to the control, unlike other treatment with products that contributed to the reduction of seed germination. The seeds that were stored with this same treatment obtained less percentage of germination, unlike the seeds who received the treatment after two months of storage, which obtained an increase in germination. This shows that the product Cruiser ® + Derosal Plus ® is detrimental to seed during storage. However, when the quality tests are done before, regardless of whether the seeds were stored or not, the treatment helps to enhance germination. Dan et al. (2013) when studying the physiological potential of soybean seeds treated with thiametoxan, a.i. of Cruiser ® , and submitted to storage, observed that there is a reduction in germination of seeds treated during the storage, however, when the treatment is performed pre sowing, the product acts like bio-activator and increments germination, emergence and agronomic characteristics of seedlings, which corroborates with the results described.
As well as mixing Cruiser ® + Derosal Plus ® , the Standak ® Top product was also harmful to seed germination of NS 8693 cultivar when these were stored. Cunha et al. (2015) , with the objective of evaluating the phyto-toxic effect of seed treatment products on the physiological quality of soybean seeds, have observed a lower performance of seeds treated with Standak Top ® in the accelerated aging test, which allows to evaluate the potential for seed storage. This lower performance in accelerated aging test is related with the lowest germination of stored seeds treated with Standak Top ® . The combinations containing the insecticide Cruiser ® in its composition have contributed to a better germination of the cultivar NS 8693, while other products have reduced germination when the treatment was held after two months of storage.
For the cultivar NS 7338 IPRO, the timing of the treatment of the seeds did not influence seed germination performance when treated with Cruiser ® + Maxim xl ® . And the seeds treated with Cruiser ® + Maxim xl ® , obtained storage after a larger percentage of germination when compared to other products treatment, which demonstrates that this association is compatible since it reaches the expected result with treatment: maintaining or increasing the quality of seeds (Follmann et al., 2014) .
Seed germination of cultivar NS 7338 IPRO treated before the quality tests was higher when the products used were Standak Top ® and containing the insecticide Cruiser ® combined with the fungicide when compared to the control, due to the low deleterious effect of these products the seeds (Zilli et al., 2010; Dan et al., 2013) . Regardless of the product used for the treatment and of cultivars, seed germination was reduced in the treated and stored and the smallest seedlings were obtained when the seeds quality after storage were assessed. This reduction in germination of seeds is due to many circumstances such as the environmental conditions during the production of seeds, insect attack, lipid and water content in seeds, presence of mechanical damage arising from transport and processing, storage conditions, and especially, in the case of seed with high quality, of the chemicals used in seed treatment (Sales et al., 2011) . In this study, when the seeds were stored there was phytotoxic effect treated by the contact time of the products with the seeds. And when the treatment was done after there was storage phytotoxicity by the entry of products within seeds due to the damage caused by storage fungi (Table 5 ).
In the same way that occurred in the first count of germination, it is observed that when the treatment was done after two months of storage, there was lower percentage of germination, when comparing to other moments of seed treatment, especially when using the Cropstar ® product in combination with the fungicide, regardless of the plant variety which received the treatment.
In the accelerated aging test, seed treatments containing in its formula the fungicide Derosal Plus ® contributed to a greater percentage of normal seedlings for 'NS 7494', regardless of when that treatment was held (Table 2 ). This behavior is evidenced by the health check of seeds in which the seed treatment formulations containing the Derosal Plus ® were able to control the fungus in almost its entirety for any time of treatment (Table 5) .
The seeds of the cultivar NS 8693 treated with Cropstar ® + Derosal Plus ® obtained larger numbers of normal seedlings after accelerated aging seed regardless of how they were treated, which goes against the results obtained by Cunha et al. (2015) who observed the maintenance of quality of seeds treated with Cropstar ® after accelerated aging of seeds. For this same cultivar, chemical treatment of the seed has contributed to an increase in the number of normal seedlings after accelerated aging of seeds that received treatment after storage.
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For NS 7338 IPRO cultivar, mixing products the Cropstar ® + Derosal Plus ® contributed to an increase in the number of normal seedlings in treated seeds before the quality tests, which shows that these products do not have phytotoxic effect on the seeds over a period of two months in contact with the seeds and offer high protection as the results found by Conceição et al. (2014) . As well as on a study by Cunha et al. (2015) , the Standak Top ® product contributed to a poor performance in the accelerated aging when comparing seeds treated before the tests against the seeds stored and treated seeds after storage.
In general, regardless of the cultivars, there was low germination after accelerated aging of seeds which served as control. This is due to the presence of storage and field fungi ( Table 5 ). The seeds that have received treatment without storing had the smallest average germination obtained, as well as of the product concentration, time of contact with the seed treatment was lower and this implies a smaller action of active ingredients on the fungi that came directly from the field. However, when the seeds were stored, there has been a natural reduction of fungi that came from the field, as is noted in the control and in the seeds who received treatment after the storage (Table 5) . In this way, the seeds stored handled in addition to being protected against fungi had storage fungi of field eliminated by the action of chemical treatment. The seed treatment with fungicides, in addition to controlling important pathogens transmitted via seeds, is important to ensure adequate populations of plants when the soil and climate conditions are unfavorable (Zorato and Henning, 2001) .
The application of products held prior to storage of seed has contributed to a better expression of quality in the accelerated aging test. In the accelerated aging test, products tend to focus, as there are high relative humidity and high temperature, which can cause damage to seed due to penetration of products in the membrane. Thus, seed germination is reduced by the fact that the toxic potential of treatment products is intensified in stress conditions (Pereira et al., 2007) .
The chemical treatment of seeds has contributed to increase the virgor expression by the stress caused by the accelerated aging test. Regarding field levels, this result was found by Brzezinski et al. (2015) who observed in their study that the beneficial effect of treatment products to control pathogens and insects was higher when coincided with adverse conditions of temperature and rainfall distribution during the establishment of culture.
In the cold test, to cultivar seeds NS 7494 treated before the quality tests, there was improved performance in vigor when the treatment was with Cropstar ® + Plus Derosal ® and it remained with the Standak Top ® treatment (Table 3 ). The same result was found by Dan et al. (2010) and Castro et al. (2008) that, when testing the Cropstar ® insecticide on soybean seeds, observed higher vigor from seeds treated with these insecticide even after 45 days of storage. The other products contributed Journal of Seed Science, v.38, n.4, p. [278] [279] [280] [281] [282] [283] [284] [285] [286] 2016 to a reduction in the vigor. Based on the principle of cold test, we can see that when the seeds were sown and left for seven days at a temperature of 10 °C under 70% of the moisture retention capacity, there was the sudden entry of the seed treatment products causing an underwhelming performance for that specific cultivar, probably due to phytotoxicity. The averages followed by the same low case letter in the lines and capital letter in the column do not differ between each other by the Scott-Knott test, at 5% probability. showed better performance regarding vigor. The percentage of normal seedlings emerged after the cold period remained when the seeds of the plant variety NS 7494 were treated after storage the products Cropstar ® + Maxim xl ® . As well as cultivar NS 7494, the seeds of the 'NS 8693' that were treated with the Standak Top ® product kept vigor after the cold test when the treatment was done pre test, however, the expression of quality was accentuated when the treatment was done with Cruiser ® + Maxim xl ® . Treatment prior to storage has contributed to better expression of vigor regardless of the products used as treatment. The quality of the seeds that were stored and later treated remained for most products. Mixtures containing the insecticide Cruiser ® in its composition have contributed to better performance of these seeds vigor. Different from the result found by Tonim et al. (2014) , researching the effect of treatment products on the quality of corn seed, a reduction in vigor were observed in storage for seeds treated with thiametoxan, i. a. of Cruiser With the exception of the Standak Top ® product, which kept the quality of seed, the other products have contributed to the reduction of the vigor by the cold stress. For the seeds stored and treated after storage for two months, the worst treatment was with the Standak Top ® product that has contributed to a lower expression of vigor of the seeds. This result is indicative that when in contact with the seeds for longer periods, the Top Standak ® treatment product can have phytotoxic effects on seeds.
Likewise in the accelerated aging test, any one of the cultivars manifested high effect for treated seed and stored and low vigor to the treated seeds before the quality tests, which proves that the contact time of the fungicides with the seeds is important for the complete elimination of fungi since pathogens present in the soil or on the seeds reduce the soybean plants stand (Costamilan et al., 2012) . Besides fungicide treatment not reducing physiological quality of seeds, it is extremely efficient in the control of pathogens, about 96% in the control of Aspergillus and Fusarium and 100% in control of Penicillium and Cercospora, such results can be confirmed in Table 5 with the health test results of this research (Pereira et al., 2007) .
The percentage of seedling emergence from cultivar NS 7494 was greater when the treatment was performed after storage, except when the seeds were treated with the mixture Cropstar ® + Maxim xl ® , where it was more efficient when the treatment was performed before the quality tests (Table 4 ).
The product of treatment Cruiser ® + Derosal Plus ® caused a better performance of the stored seeds treated with highest number of seedlings emerged, and kept the quality when the seeds were stored before treatment, opposed to the results found by Dan et al. (2013) who observed a reduction in emergence of seedlings along the storage with seeds treated with the insecticide Cruiser ® . The averages followed by the same low case letter in the lines and capital letter in the column do not differ between each other by the Scott-Knott test, at 5% probability.
Either for cultivar NS 8693 or for cultivar NS 7338 IPRO, the best averages of seedlings were when seeds were treated with Cruiser ® + Derosal Plus ® , regardless the management of treatment used. The active ingredient thiametoxan Cruiser ® of insecticide is a bioatctivator that brings increments in germination, emergence and agronomic characteristics of seedlings through unknown mechanisms of morphological changes and metabolism (Dan et al., 2013) . In addition to the advantages of this insecticide, for the protective effect of the fungicide Derosal Plus ® , which guarantees an ideal stand of seedlings in the field.
When the treatment was performed after storage of the seeds from cultivar NS 7338 IPRO, there has been greater seedling number, as well as on cultivar NS 7494, except for treatment with product Cropstar ® + Maxim xl ® . Storage for two months caused, naturally, a reduction of fungi that came from the field, the example of Fusarium in the percentage before the storage for the seeds to cultivar NS 7494 was 30% and after storage was 0%, and for cultivar NS 7338 IPRO was of 15% and reduced to 0%, as shown in the results for the sanity of the seed (Table 5) . Ludwig et al. (2011) also observed a reduction of Fusarium over soy seeds storage.
In assessing the sanitary quality of seeds, there was no significant effect, on all three cultivars, from the main fungi present in soy culture, Penicillium, Fusarium and Aspergillus (Table 2A) .
In general, the products were efficient in the control of all cultivars seeds. It is observed that this efficiency is directly connected to the contact time of the products with the seeds (Table 5 ). The Maxim ® fungicide and i. a. fungica action Standak Top ® product require a contact period of two months with the seeds to act on reduction of fungi. On the other hand, the product Derosal Plus ® was efficient in fungus control regardless of the moment in which the product application and grow.
However, despite the efficiency of treatment and storage in the control of fungi, reduction in germination and vigor of seeds more infested is observed, as has been shown in the results of physiological quality (Juhász et al., 2013) . The averages followed by the same low case letter in the lines and capital letter in the column, of each fungi, do not differ between each other by the Scott-Knott test, at 5% probability. The original averages were presented but the data was compared with the transformed data (Transformation in (x+1) 0.5 ).
In general, the treatment before the seed quality tests was not detrimental to the quality, in ideal conditions, however, under conditions of stress, due to the concentration of the product, the performance of the seeds has been compromised, except with the use of mixtures containing the insecticide Cruiser ® . In addition, the contact time of the products with the seeds was not enough to reduce the incidence of fungi Fusarium, Aspergillus and Penicillium, except by the use of products based on Derosal Plus ® , which contributed to reducing all fungi regardless if the seeds were not stored or treated.
With the use of products Cropstar ® + Derosal Plus ® , there were better expression of the physiological quality of seeds stored treated, whereas Cropstar ® insecticide did not cause negative effects on the seeds and the fungicide Derosal Plus ® was effective in reducing the three genera of fungi presented regardless of the time of application of the products. On the other hand, although the Standak Top ® product has provided an initial start-up, established by germination test subsequently contributed to reducing the vigor of seeds stored treated as seedlings showed signs of phytotoxicity.
The quality of the seeds which have received treatment after the reduced storage with the use of products containing the insecticide Cropstar ® in its composition, contrary to the Cruiser ® insecticide which contributed to better performance of vigor of seeds under these conditions.
Conclusions
The chemical treatment with mixtures containing Cruiser ® (thiamethoxam) in its composition does not affect the physiological quality of soybean seeds when treated and assessed, and when application occurs after two months of storage.
Cropstar ® products (imidacloprido and tiocarbe) + Derosal Plus ® (carbendazim and tiram) maintains the physiological quality of soybean seeds stored treated for a period of two months.
The product Standak Top ® (fipronil, pyraclostrobin and thiophanate methyl) has negative effect on the quality of soybean seeds assessed and stored for two months.
Mixtures containing the insecticide Cropstar ® in its composition reduces the physiological quality of soybean seeds when application occurs after two months of storage.
The fungicide Derosal Plus ® improves the sanitary quality of soybean seeds regardless of time of treatment.
